Introduction
The genus Nannospalax includes blind rodents that have adapted to living underground. Currently more than 30 chromosomal races have been determined in Turkish blind mole rats but there is still doubt about the taxonomy of this taxon (Nevo et al., 1994; Sözen et al., 1998a Sözen et al., , 1998b Sözen et al., , 1999 Sözen et al., , 2000a Sözen et al., , 2000b Sözen et al., , 2006a Sözen et al., , 2006b Sözen et al., , 2011 Sözen, 2004; Matur and Sözen, 2005; Kankiliç et al., 2007; Ivanitskaya et al., 2008; Arslan et al., 2011) . Kandemir et al. (2012) discussed the taxonomic name problem of blind mole rats and so here we will follow Kandemir et al. (2012) . Ivanitskaya and Nevo (1998) analyzed Jordanian blind mole rats using C-, G-, and AgNOR-banding techniques and compared these data with previous results obtained in Turkish and Israeli blind mole rats. They found that NF values were useful for differentiation due to pericentric inversions and centromeric shifts. So far, only a few banding studies of Turkish N. nehringi have been performed. These were conducted in populations from Malatya (Ivanitskaya et al., 1997) and Kastamonu and Çankırı provinces (Ivanitskaya et al., 2008) . Additionally, a banding study was performed by Ivanitskaya et al. (1997) with southeastern Anatolian blind mole rats (N. ehrenbergi) using G-, C-, and AgNOR-banding techniques. Ivanitskaya et al. (2008) assigned the 2n = 60 populations in Turkey to 2 chromosomal races as 2n = 60W and 2n = 60R, based on G-bands, C-bands, AgNOR staining, fluorochrome staining, and FISH of telomeric and rDNA probes. They assumed that ancestral karyotype diverged into the 2n = 60W and R chromosomal races, and independent translocations of short arms of some chromosomes caused this differentiation. Arslan et al. (2011) studied variation of C-and AgNOR-banding of 3 chromosomal races (2n = 40, 58, and 60) of N. xanthodon from southern Anatolia. They found differentiation among the chromosomal races. Matur et al. (2011) banded 4 chromosomal races with 2n = 50 from different localities in Anatolia. These 4 chromosomal races had the same diploid numbers but their G-banding patterns were different. The complements of all these chromosomal races included 2 identical metacentric autosomes and the sex chromosomes were also always the same. The studied chromosomal races should have their own evolutionary pathway but they have a common ancestor. Dobigny et al. (2004) indicated that chromosomal data have been underutilized in phylogenetic research, and chromosomal changes could be used as a character. We set out to identify chromosomal characters that could be used to reconstruct the evolutionary history of these blind mole rats. The aim of the present study was to compare 9 chromosomal races of N. xanthodon and a chromosomal race from N. leucodon by determining which Robertsonian translocations are prevailing (fissions vs. fusions). By finding the main chromosomal changing mechanism, we may explain chromosomal evolution of the genus Nannospalax in western Turkey.
Materials and methods
In this study, 33 animals were studied from 10 localities (Table 1 ; Figure 1 ). According to their geographical location in Turkey, these chromosomal races were designated as N for north (52N, 54N, 58N ), W for west (50W), E for east (50E), Tr for Thrace (56Tr), C for central (60C), and K for Kastamonu (60K). We recognized the 2n = 36, 2n = 38, 2n = 40, 2n = 50W, 2n = 52N, 2n = 54N, 2n = 56W, 2n = 58N, and 2n = 60C chromosomal races from N. xanthodon and 2n = 56Tr from N. leucodon. Karyotypes were prepared from bone marrow according to Ford and Hamerton (1956) . Then G- (Seabright, 1971) and C- (Sumner, 1972) banding techniques were applied to each specimen. Pictures of metaphases were taken using a Canon DP 21 digital camera.
The G-banding patterns allowed us to assess all the chromosomal homologies among chromosomal races and to identify the structural differences among karyotypes. The 2n = 60J from N. ehrenbergi from Jordan was used as an outgroup (Ivanitskaya and Nevo, 1998) . In order to determine whether fusion or fission is the main rearrangement we identified the specific arm combination of a particular metacentric (Figure 2 ). If an arm was included in different metacentrics, fusion was accepted as the responsible mechanism (references within Sumner (2003) ). We coded all the characters as indicated by Dobigny et al. (2004) . First, the chromosomes or chromosomal segments were treated as characters, and their presence/ absence or the changes they had undergone represented the character states. Secondly, the chromosomal changes themselves were considered to represent the characters. Using both approaches, we treated 30 chromosome states and 60 chromosomal rearrangements as absent/present. The matrix of chromosomal characters (Table 2 ) was analyzed by maximum parsimony using the heuristic search option in PAUP 4.0b.10 (Swofford, 2001 ) with bisection-reconnection (TBR) and 10,000 random taxon addition replicates. Bootstrap resampling (Felsenstein, 1985) was applied to assess the support for individual nodes using 10,000 bootstrap replicates with 100 random additions. TBR was also conducted by both a NJ search with 10,000 heuristic bootstrap analysis and NJ bootstrap analysis in PAUP 4.0b.10 (Swofford, 2001 ) dibranch swapping. The karyotype preparations and animals examined were deposited in the Department of Biology, Faculty of Arts and Sciences, Bülent Ecevit University.
Results

Karyotype results of C-banding patterns and G-banding comparisons
After C-and G-banding, heterochromatin variation in the heterochromatin distribution (Figures 3a-j) and rearrangements among chromosomal races (Figures 4a-i) were identified. In karyotypes of the 2n = 60, 9 of 30 chromosomes were bi-armed. The X chromosome was submetacentric, while the Y chromosome was subtelocentric. According to the C-band pattern of the 2n = 60, 16 pairs of chromosomes (pairs 1, 2, 3, 5, 6, 7, 10, 11, 14, 17, 18, 19, 20, 22, 23, and 26) had heterochromatin areas (Figure 3a ). The X chromosomes had a centromeric heterochromatin area.
The karyotype of the 2n = 36 showed 17 pairs of biarmed chromosomes. The X chromosome was a middlesized submetacentric and the Y chromosome was a small-sized acrocentric. C-band results showed interstitial blocks in 7 pairs (pairs 3, 6, 10, 11, 13, 14, and 17) and centromeric heterochromatin in 2 pairs (pairs 7 and 12) ( Figure 3b ). Two chromosomal rearrangements relative to 2n = 38 were recognized from G-banding patterns. These were the inversion in pair 8 and a Robertsonian fusion: Rb(8.16) ( Figure 4a ). The NF value of the 2n = 38 was determined to be 74. The X chromosome was a middle-sized submetacentric, while the Y chromosome was a small-sized acrocentric. C-band patterns showed heterochromatin blocks in 11 pairs (pairs 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, and 14) , while 2 pairs (pairs 13 and 15) had pericentromeric heterochromatin blocks. The X chromosome had centromeric heterochromatin ( Figure  3c) . Comparison of the G-banding pattern led to the recognition of rearrangements relative to the karyotype of 2n = 60, i.e. pericentric inversions in pairs 2 and 3. Arms forming the large metacentrics of 2n = 38 correspond to 24 pairs of chromosomes of the 2n = 60 karyotype after Robertsonian fusion: Rb(2, 11), Rb(10, 16), Rb(15, 28), Rb(3, 29) , Rb(21, 27), Rb(4, 14) , Rb(13, 20) , Rb(5, 22) , Rb(6, 19) , Rb(17, 23) , Rb(25, 30) , and Rb(18, 24) ( Figure  4b ).
The 2n = 40 had 15 bi-armed chromosomes and 4 acrocentric chromosomes, resulting in NF = 72. The X chromosome was a middle-sized submetacentric and the Y chromosome was a small-sized acrocentric. This chromosomal race had C positive heterochromatin blocks in 7 pairs (pairs 5, 7, 8, 11, 12, 13, and 14) (Figure 3d ). The individual chromosomal arms were correctly identified by G-banding. The 10 pairs of metacentrics resulted from Rb fusion of chromosomes identified in the 2n = 60. These were as follows: Rb(12, 14), Rb(10, 11), Rb(4, 24), Rb(5, 15), Rb(2, 21), Rb(16, 20) , Rb(26, 27) , Rb(13, 22) , Rb(17, 19), and Rb(18, 23) (Figure 4c ).
In the karyotype of the 2n = 50, there were 11 pairs of bi-armed chromosomes and 13 pairs of acrocentric autosomes, resulting in NF =74. The X chromosome was a middle-sized submetacentric and the Y chromosome was a small-sized acrocentric. C-band results showed heterochromatin blocks in 9 pairs (pairs 2, 3, 5, 7, 10, 11, 13, 18, and 22) (Figure 3e ). G-banding results showed that the chromosomal race also derives from the 2n = 38, as was the case for 2n = 36. Six Robertsonian fissions (Rbf) were responsible for the evolution of this chromosomal race. These were as follows: Rbf in 3, Rbf in 5, Rbf in 6, Rbf in 11, Rbf in 13, and Rbf in 14 (Figure 4d) .
The NF value of the 2n = 52 was 70. This chromosomal race had 19 pairs of bi-armed and 16 pairs of acrocentric chromosomes. The X chromosome was a middle-sized submetacentric, while the Y chromosome was a smallsized acrocentric. According to C-band results, 10 pairs (pairs 1, 3, 4, 5, 6, 7, 8, 10, 19, and 21) had centromeric heterochromatin blocks (Figure 3f) . Comparison of the G-banding patterns led to the recognition of rearrangements relative to the karyotype of 2n = 60 of pericentric inversions on pairs 1, 2, and 4. Four Robertsonian fusions take place as follows: Rb(5, 21), Rb(3, 10), Rb(15, 23), and Rb(4, 19) (Figure 4e ).
The 2n = 54N populations were determined to be 2n = 54, NF = 74, NFa = 70. The X chromosome was a mediumsized submetacentric and the Y chromosome was a smallsized acrocentric (Sözen et al., 2006) . The autosomal set consists of 3 groups: 6 pairs of meta-submetacentric, 3 pairs of subtelocentric, and 17 pairs of acrocentric chromosomes. The C-banding pattern of the 2n = 54 shows centromeric heterochromatin on 14 pairs (pairs 4, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, 17, 20, and 23) (Figure 3g ). According to G-banding results, this chromosomal race Table 2 . The matrix of first 30 out of 90 chromosomal characters identified in Nannospalax and used for the phylogenetic reconstruction. The karyotype of 2n = 60 Jordanian (Ivanitskaya and Nevo, 1998) evolved from the 2n = 60K with 3 Robertsonian fusions, namely Rb(5, 1), Rb(4, 2), and Rb(12, 11) ( Figure 4f) . Results from the karyotype of the 2n = 56W populations showed that this chromosomal race had 7 pairs of biarmed chromosomes and 21 pairs of acrocentric chromosomes. The NF value was 72. The X chromosome was a middlesized submetacentric and the Y chromosome was a smallsized acrocentric. Blocks of C heterochromatin occur on 8 pairs (pairs 2, 4, 6, 7, 9, 14, 16, and 19) (Figure 3h) . Arms forming the metacentric of the 2n = 56 correspond to 4 pairs of chromosomes of the karyotype of the 2n = 60C after Robertsonian fusion, namely Rb(5, 7) and Rb(12, 16), and an inversion in 7 (Figure 4g ).
In the 2n = 56Tr, the NF = 78 and NFa = 74. The X chromosome was a submetacentric and the Y chromosome was a small-sized acrocentric. The autosomal set contains 10 pairs of bi-armed and 17 pairs of acrocentric chromosomes. The C-banding patterns of the 2n = 56Tr chromosomal race showed positive staining in the centromeric region in 22 pairs (pairs 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 17, 18, 20, 21, 22, 25, and 26) (Figure   3i ). Both the X and Y chromosomes were negative for heterochromatin.
In the 2n = 58N, the NF = 74 and the NFa = 70. The X chromosome was a submetacentric and the Y chromosome was a small subtelocentric. The autosomal set contains a pair of metacentric, 6 pairs of submetacentric, and 20 pairs of acrocentric chromosomes. Eight pairs (pairs 6, 7, 18, 19, 20, 21, 22 , and 23) had centromeric C-positive heterochromatin blocks (Figure 3j ). While the Y chromosome was negative, the X chromosome was C-positive. According to the G-banding results, the 2n = 58N evolved from the 2n = 60K by a Robertsonian fusion of 2 acrocentrics at Rb(6, 11) (Figure 4h ).
According to G-banding results, we were able to identify 10 deletions (pairs 2, 3, 4, 5, 12, 13, 22, 24, 25, and 27 ) and 4 centromeric shifts (pairs 10, 14, 17, 18) as rearrangement between 2n = 60-60K comparison (Figure 4i ).
Chromosomal phylogeny
We used chromosomal rearrangements as characters to hypothesize on the phylogenetic relationships among chromosomal races. In this analysis, 57 informative characters were found. Figure 5 shows the most parsimonious tree found (tree length = 118, consistency index = 0.75, CI excluding uninformative characters = 0.66). Five clades occurred. Clade 1, labeled as west, included the 2n = 36, 38, 40, and 50. In this clade, the 2n = 38 and 36 were clustered together and the 2n = 50 was connected to them but the 2n = 40 was separated clearly from them. Clade 2, labeled as Middle, included the 2n = 52, 56, and 60. In this clade, the 2n = 56W and 60 were clustered together. Clade 3, labeled as north, included the 2n = 54, 58, and 60K (60R). Clade 4, labeled as Thrace, included the 2n = 56Tr, and the last clade, 5, included the outgroup (2n = 60 Jordan).
Discussion
Two new localities for the 2n = 36 chromosomal race were recorded and its distributional area was extended southward to the town of Yatağan. Moreover, based on one male specimen from Yatağan, the Y chromosome of this chromosomal race is determined as a small acrocentric for the first time (Figure 3 ). The 2n = 36 was first reported by Sözen et al. (1999) from Bayındır in western Anatolia based on a single female specimen. Tez et al. (2002) gave new distributional data for the 2n = 38 chromosomal race from western Anatolia and did not find the 2n = 36 in western Anatolia. The 2n = 52, NF = 70 karyotype from northwestern Anatolia was reported by Sözen (2004) from Karamürsel, Abant, Mudurnu, Nallıhan, Seben, Yeniçağa, Kartalkaya, and Mengen (Bolu), and by Matur and Sözen (2005) from Gölpazarı, Taraklı, Geyve, and Yenipazar (Bilecik). The new localities given here clarify the geographic range of this chromosomal race over a larger area. According to previous records, the locality Yalova recorded here is the most westerly point for the 2n = 52 chromosomal race. Clarifying the reasons for such a distribution and separation of chromosomal races may help in identifying the reasons for the parapatric and allopatric distribution patterns found in blind mole rats. The River Sakarya, flowing between the Yalova (NF = 72) and the Bolu and Bilecik populations (NF = 70), acts as a barrier between the 2 chromosomal races. These differentiations may have occurred after the formation of the river.
Populations with the 2n = 56 karyotype were found from Uşak and Manisa. Previously, Kankılıç et al. (2010) recorded 2n = 56; in the present study, we expanded the distribution of this chromosomal race to Manisa.
The 2n = 60C karyotype has mostly been recorded from central Anatolia (Sözen et al., 2006a; Kankılıç et al., 2007) . The 2n = 60C had several different NF values in its distributional area (Sözen et al., 2006a) .
A comparative analysis of G-and C-banded chromosomes of N. xanthodon and N. leucodon from 11 populations revealed a considerable degree of homology between long arms of autosomes and a general similarity in the amount of heterochromatin material. The patterns of rearrangements and, consequently, C-heterochromatin block locations were found to be important for discriminating between chromosomal races.
In Turkey, geographic features may act as an isolation mechanism and thus separate chromosomal races (Matur and Sözen, 2005) . Most chromosomal races are, however, differentiated without a barrier. Although chromosomal races are close together geographically in Turkey, hybridization does not occur (Nevo et al., 1994; Coşkun, 2003; Sözen, 2004; Matur and Sözen, 2005; Sözen et al., 2006a Sözen et al., , 2006b Kankılıç et al., 2007; Ivanitskaya et al., 2008) . We neither recorded any hybrid specimens in the study area nor found polymorphism in G-and C-banding patterns. Each individual from each of the respective chromosomal races was identical. This means that all the chromosomal races have been isolated from each other and fixation or selection pressure is a strong evolutionary force on the evolution of new chromosomal races.
Previous banding studies (Ivanitskaya et al., 1997 (Ivanitskaya et al., , 2008 ) suggested a high level of chromosomal divergence, which means that it is possible to consider these chromosomal races as having well-differentiated chromosomal lineage within the xanthodon group. Our phylogenetic tree indicates that each group (west, north, middle, and Thrace) is well differentiated (Figure 5 ). These groups should include one or more undescribed species when studied further. Ivanitskaya et al. (1997) analyzed the chromosomal races of N. xanthodon and N. ehrenbergi from southern Anatolia. They found that heterochromatin addition was the main process along with pericentric inversions and Robertsonian rearrangements. In Israel, the 2n = 52 is the ancestor of other chromosomal races of N. ehrenbergi due to Robertsonian fissions, which turn chromosomal races into new ones (Nevo et al., 2001) . Assuming that the 2n = 60C is the ancestor of others, our results revealed that the Robertsonian fusion is the main mechanism responsible for chromosomal evolution in blind mole rats in the western part of Turkey. Furthermore, the Robertsonian fission, deletion, and inversion have a minor effect on chromosomal evolution in blind mole rats.
Chromosomal evolution pathways
The 2n = 60C had the largest area of distribution ( Figure  6 ). Because of its distribution, this chromosomal race is considered to be the ancestral chromosomal race to the others. It gave rise to new races, and then chromosomal differentiation might have acted as a postmating isolation mechanism. New chromosomal races may reach fixation and then differentiate as separate species. This supports the process of peripatric speciation, which is considered to be the common means of speciation for blind mole rats in Turkey (Nevo, 1991; Sözen, 2004) . With this assumption, we evaluated G-and C-banding results to develop scenarios for chromosomal evolution in blind mole rats. We discuss possible scenarios for the general evolution of blind mole rats in west and north populations in Turkey in detail below. The 2n = 60K and 38 may have originated independently from 2n = 60C as peripheral populations at different times. While the main mechanism of the 2n = 38 race differentiation was Robertsonian fusion, for the 2n = 60K it was deletion. However, deletions hardly play an important role in chromosomal evolution; we think that additional forces (i.e. isolation from main population and selection pressure on small population) also caused the differentiation. Then those 2 chromosomal races reached fixation. Later peripheral populations of the 2n = 60K and 38 started to adaptively be distributed through new empty areas when they reached the place where other chromosomal races were derived. The 2n = 36 and 50W may have been derived from the 2n = 38. While the 2n = 36 was derived by Robertsonian fusions (Figure 4a ), the 2n = 50W resulted from 6 fissions ( Figure 4d ). The 2n = 40 was derived from the 2n = 60C but this race includes the west group ( Figure 5) . However, the reason why they occurred in the west group as a paraphyletic group is still a mystery. In the north group, the 2n = 60K became the ancestral chromosomal race of the 2n = 54N and 58N after Robertsonian fusions. The north group evolved as a monophyletic group. Sözen (2004) indicated that the 2n = 50N, 54N, 56N, and 58N from northern Turkey had identical chromosomal morphology. According to our parsimony tree results, N. xanthodon grouped polyphyletically, because the 2n = 56Tr (N. leucodon) grouped together with an Anatolian sample (N. xanthodon). Kandemir et al. (2012) investigated the phylogeny of Turkish blind mole rats using molecular tools. They found similar tree topology. Chromosomal races with small diploid numbers were grouped together, and leucodon was closer to xanthodon rather than to ehrenbergi. Hadid et al. (2012) also used molecular tools to draw a maximum likelihood tree of blind mole rats from 3 different species. In their results, Aydın (2n = 36) and Beyşehir (2n = 40) grouped together.
Conclusion
This study presents the first detailed banding results on blind mole rats in Turkey. Useful data for chromosomal evolution of blind mole rats in Turkey were collected. Banding results indicated that the 2n = 60C is the ancestral chromosomal race and the 2n = 38 and 2n = 60K are the secondary ancestral chromosomal races. Moreover, we agreed with Ivanitskaya et al. (1997) that Robertsonian fusions are the main mechanism responsible for chromosomal evolution of blind mole rats in Turkey. Additionally, we showed that Robertsonian fissions and pericentric inversions, and deletion are minor forces in the chromosomal evolution of blind mole rats in Turkey. Which factor causes these rearrangements is still not conclusively known. On the other hand, recently published molecular studies (Krystufek et al., 2011; Hadid et al., 2012; Kandemir et al., 2012) showed that differentiation of chromosomal races of blind mole rats in Anatolia was already done and each chromosomal race might be a good candidate to be a separate species. However, more detailed molecular studies using techniques such as genome analysis and mtDNA are still required.
